Introduction
It has been shown largely in 1990s that importin-b is an essential component of nuclear protein import (reviewed in Gö rlich and Kutay, 1999; Fried and Kutay, 2003) . In Drosophila melanogaster, importin-b is encoded by the Ketel gene . Analysis of Ketel D dominant negative female-sterile mutations revealed that importin-b is engaged not only in nuclear protein import but also in the reassembly of the nuclear envelope towards the end of mitosis (Tirian et al., , 2003 . Furthermore, analysis of the Ketel D associated mutant phenotypes suggested the involvement of importinb in the formation of the spindle apparatus . A second mutagenesis of the Ketel D alleles lead to the induction of the so-called ketel revertant alleles, some of which are complete loss-of-function (ketel null ) mutations while others are short deficiencies that remove the Ketel and a few of the adjacent loci (Szabad et al., 1989; Erdelyi et al., 1997) .
0925-4773/$ -see front matter Ó 2007 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.mod.2007.12. 001 Regarding the Ketel gene expression pattern and the function of importin-b, three enigmas emerged in course of the former studies. (1) Analysis of a reporter gene in which the Ketel gene regulatory sequences ensured expression of the LacZ gene and the formation of b-galactosidase showed that in late 3rd instar larvae the Ketel gene is expressed only in the mitotically active diploid imaginal and not in the non-dividing polytenic larval cells . Results of the Western blot analysis were in accord with that of the reporter gene expression analysis . The exclusive expression of the Ketel gene only in the diploid cells is puzzling since there is only a single importin-b coding gene in the Drosophila genome and nuclear protein import must also be going on in the metabolically highly active polytenic larval cells. How do polytenic cells import protein into their nuclei if all the known nuclear protein import mechanisms include importin-b or a closely related protein (Gö rlich and Kutay, 1999) ? Do polytenic cells use a yet unknown mechanism for nuclear protein import? Nonetheless, function of the Ketel gene must be indispensable in at least some cell type(s) since zygotes without the Ketel gene die during second larval instar.
(2) Clones of cells that originate from mitotic recombination and become homozygous for a ketel null allele, are fully viable and capable of differentiating normally in at least four different diploid cell types as if the function of the Ketel gene was not required in the diploid cells . Where is the focus, i.e. in which cell type is the function of the Ketel gene indispensable? (3) Zygotes without the Ketel gene (the ketel null /À hemizygotes) live for 3 days, up to the end of 2nd larval instar. It has been shown that the maternal dowry, supplied by the ketel null /+ heterozygous females, supports their relatively short life . Assuming that the function of the Ketel gene is required in the diploid cells only, death of the ketel null /À hemizygous larvae in 2nd larval instar is astonishing since larvae without diploid cells have been known to develop up to the end of larval life (Szabad and Bryant, 1982) .
To resolve the above rather perplexing observations, we set out to localize the cell type in which the function of the Ketel gene is essential and carried out the classical gynander-based focusing analysis (Bryant and Zornetzer, 1973; Janning, 1978) . The experiment clearly showed that the focus of the Ketel gene action is huge and/or extends over large areas of the embryo. We then made use of the Gal4; UAS system (Brand and Perrimon, 1993; Duffy, 2002) and drove a UAS-Ketel transgene with different tissue-specific Gal4 drivers on a ketel null /À background and tested the ketel null /À zygotes for viability to adulthood. The Gal4; UAS system revealed the requirement of the Ketel gene function in the ectoderm, which comprises a rather large and also wide spread region of the blastoderm (Campos-Ortega and Hartenstein, 1997) . We also eliminated the function of the Ketel gene by driving a UAS-Ketel-RNAi transgene with different Gal4 drivers and inspected the fate of the zygotes. Results of the RNAi experiments largely confirm the former conclusions.
We also report here a ketel GFP mutant allele that encodes a GFP-tagged importin-b protein. The use of ketel GFP clearly showed that some of the maternally derived GFP-importin-b molecules persist up to pupariation, 5 days after their formation. It appears that GFP-importin-b, and most likely wild type importin-b, is one of the longest living molecules inside the Drosophila cells. The paternally-derived ketel GFP allele is first expressed during early gastrulation, in every cell of the embryo. Last but not least, GFP-importin-b clearly showed that importin-b is present in all of the larval cells though its concentration is very low in the polytenic as compared to the diploid cells. This observation makes sense knowing that polytenic cells do not divide and, thus, need importin-b only to accomplish nuclear protein import. Intensive expression of the Ketel gene in the diploid cells is plausible since diploid cells need importin-b not only for nuclear protein import but also for the formation of the microtubules of the spindle apparatus and the assembly of the nuclear envelope at the end of mitosis. Bryant and Zornetzer, 1973) . While 313 ''internal control'' sibling XX TG //X0 gynanders (that carried a functional Ketel gene in a balancer chromosome) were recovered in the experiment, not a single mosaic of the expected type survived to adulthood (Table 1) . Based on the frequencies of the sibling females and the (Table 1) . We also identified 41 gynanders as late 3rd instar larvae. Every one of them developed to adulthood and turned out to be of ''internal control'' type. Absence of the expected type of gynanders indicates a large focus and/or a small focus that spreads over large areas in the developing embryos (Bryant and Zornetzer, 1973) .
Results

The focus of the Ketel gene function is large and/or widespread
2.2.
Focusing with the Gal4/UAS system
To determine the types of tissues in which the expression of the Ketel gene is indispensable, we generated ketel null /À zygotes in which a set of Gal4 drivers ensured the expression of a UAS-Ketel transgene and tested whether the Gal4; UAS-Ketel; ketel null /À zygotes survive to adulthood (Table 2 ). Ubiquitous expression of the UAS-Ketel transgene (using the a1Tub-Gal4 driver) overcame lethality of the ketel null /À zygotes: the a1Tub-Gal4; UAS-Ketel; ketel null /À zygotes developed to adulthood ( /À ones, perish towards the end of the 2nd larval instar.) When expression of the UAS-Ketel transgene was driven by the elav-Gal4, the esg-Gal4 or the vg-Gal4 drivers, the UAS-Ketel; ketel null /À zygotes developed to adulthood, with essentially the expected frequencies (Table 2) . A common feature of these drivers is that they induce the expression of the GAL4 protein in the embryonic ectoderm, the progenitor cells for the epidermis and the nervous system (Table 2 ). Since expressing Gal4 in the neuroectoderm (by ey-Gal4), in the embryonic central and peripheral nervous systems (by arm-Gal4), in the embryonic central nervous system (by en-Gal4, in a segmentally repeated pattern) or in the embryonic brain (by ptc-Gal4) only did not result in the survival of the ketel null /À zygotes (Table 2) , it may be concluded that zygotic expression of the Ketel gene in the epidermis primordial cells is necessary to accomplish development. [Production of GAL4 in the imaginal disc primordia (by dll-Gal4) or only in the presumptive mesoderm cells (by twi-Gal4) did not overcome lethality of the UAS-Ketel; ketel null /À zygotes; Table 2 ]. Since none of the elav-Gal4, the esg-Gal4 and the vg-Gal4 drivers is expressed in e.g. the mesoderm-derived cells, it is hard to understand how, for instance, the vg-Gal4; UAS-Ketel; ketel null /À zygotes survive to adulthood.
Focusing with the RNAi system
To further elaborate on the requirement of the Ketel gene, we eliminated its function in specific tissue types using the RNAi technique. A set of Gal4 drivers ensured tissue specific expression of a UAS-Ketel-RNAi transgene and the formation of an interfering RNA to silence Ketel mRNA and, thus, gene function (Dietzl et al., 2007) .
All over-expression of the UAS-Ketel-RNAi transgene by the Actin5C-Gal4 driver lead to the elimination of zygotic Ketel gene function and death of the zygotes in late 2nd larval instar (Table 2) . Features of the dying Actin5C-Gal4; UAS-Ketel-RNAi and the ketel null /À larvae, which lack the zygotic Ketel gene, were essentially identical. This observation indicates complete abolition of the Ketel gene function via the RNAi technique and implies that the viability of zygotes lacking Ketel gene function is supported by the maternally provided importin-b protein pool and not by Ketel mRNA, at least not beyond the blastoderm stage when expression of many of the zygotic genes commences (Tadros and Lipshitz, 2005) . If the maternally provided Ketel mRNA molecules played some role beyond the blastoderm stage in the survival of the ketel null /À zygotes up to the end of the 2nd larval instar, the Actin5C-Gal4; UAS-KetelRNAi larvae should die well before the end of the 2nd larval instar. The above consideration implies long persistence of the importin-b protein.
Elimination of the Ketel gene function in the embryonic ectoderm and in the presumptive nervous system (by driving the UAS-Ketel-RNAi transgene with the elav-Gal4, the esg-Gal4 or the vg-Gal4 drivers) resulted in lethality during pupal life and not towards the end of 2nd larval instar as it might have been expected. Analysis of late 3rd instar larvae did not reveal any apparent morphological abnormality: the imaginal discs, the central and the peripheral nervous systems appeared normal. The reason for the discrepancy between the observed and the expected phases of death well may be the difference in time between the expression of the zygotic Ketel genes, the ensuing de novo formation of importin-b and the destruction of the encoding Ketel mRNAs. The formed importin-b molecules can support life of e.g. the elav-Gal4; UAS-Ketel-RNAi larvae well beyond the end of 2nd larval instar, into pupal life. Assuming efficient RNAi action (as shown above), long persistence of the formed importin-b molecules well may account for the above difference.
Zygotes in which the ey-Gal4 driver ensured expression of the UAS-Ketel-RNAi die as pupae due to the lack of most of the head capsule (Table 2, Fig. 1 ). The ptc-Gal4; UAS-KetelRNAi zygotes also die as pupae due to multiple head defects. Elimination of zygotic Ketel gene function by driving the UAS-Ketel-RNAi transgene with the arm-Gal4, the dllGal4 or the twi-Gal4 drivers had no effect on the viability of the zygotes. (Normal development of the arm-Gal4; UASKetel-RNAi, dll-Gal4; UAS-Ketel-RNAi and the twi-Gal4; UAS-Ketel-RNAi zygotes can not be related to the lack of Gal4 driver function since all three drivers ensured expression of a UAS-GFP transgene and the formation of characteristic green fluorescence pattern.) Survival of the above zygotes must be attributed to the presence of functional importinb molecules in those cells from which the Ketel mRNA molecules were removed by RNAi. The most likely explanation for the phenomenon is that the Ketel gene is expressed and importin-b is synthesized before the encoding Ketel mRNAs are eliminated and the importin-b molecules thus formed persist all through the rest of the development.
[However, complete knock down of gene function through RNAi may not be equally efficient for the different drivers (Dietzl et al., 2007) .]
Results of the RNAi experiments suggested long persistence of importin-b. To characterize the longevity of importin-b, we made use of a ketel GFP allele which encodes the formation of GFP-importin-b and assumed that the two types of molecules possess comparable life spans. 
Ubiquitous expression of GAL4 (Lee and Luo, 1999) Y e s -
Ubiquitous expression of GAL4 (Ito et al., 1997 ) -Die in 2nd larval instar elav-Gal4 * (P{GAL4-elav.L}3) elav In young embryos the elav transcripts are present in the dorsal ectoderm and the embryonic nervous system (Campos et al., 1987; Robinow and White, 1988) The elav-Gal4 driver ensures GAL4 expression in the embryonic and the larval nervous system and in all the postmitotic neurons (Luo et al., 1994; Schuster et al., 1996; Sink et al., 2001) Yes Die as pupae
The esg gene is expressed in the ectoderm, the neurectoderm, the embryonic nervous system, the presumptive imaginal discs, and the histoblasts (Whiteley et al., 1992; Hayashi et al., 1993) . The esg-NP5130 Gal4 enhancer trap line ensures GAL4 expression in the esg gene expression pattern (Goto and Hayashi, 1999) Yes Die as pupae
The vg gene is expressed in the embryonic ectoderm, in the presumptive central nervous system and in the imaginal discs (Williams et al., 1991 (Williams et al., , 1994 Huang and Rubin, 2000) Yes Die as pupae
The ey gene is expressed in the embryonic central nervous system, the procephalic neurectoderm, a subset of the protocerebral neuroblasts, the embryonic acron and the eye-antennal disc primordia (Quiring et al., 1994; Hazelett et al., 1998; Urbach and Technau, 2003; Hirota et al., 2005) . Expression of the ey-Gal4 drivers reflects expression of the ey gene No Die as pupae ptc-Gal4 * (P{GawB}ptc 559.1 ) patched The ptc gene is expressed in the embryonic/larval hindgut, the neuroblasts in the head, the labrum, the Malpighian tubules and the analia (Hooper and Scott, 1989) . The pct-Gal4 driver ensures GAL4 expression in the embryonic brain (in a segmentally repeated pattern), and in the foregut visceral mesoderm (Speicher et al., 1994; Page, 2002) No Die as pupae
The en gene is expressed in parasegments 2-15, in certain groups of the neuroblasts, in a segmentally repeated pattern in the embryonic central nervous system (Mlodzik et al., 1990; Doe, 1992; Namba et al., 1997) . The EN protein is expressed in stripes in the posterior region of each segment in the developing embryo (Patel et al., 1989) . The en-Gal4 driver ensures GAL4 expression in the en gene expression pattern (Weiss et al., 2001) No -arm-Gal4 * (P{GAL4-arm.S}11) armadillo In contrast to the uniform distribution of arm mRNA, the ARM protein is present in segmental stripes at the posterior half of the anterior compartments. In stage 13 embryos, the ARM protein is present in the central and in the peripheral nervous systems (Riggleman et al., 1990) . The arm-Gal4 driver ensures GAL4 expression in the arm gene expression pattern
The dll gene is expressed during the extended germ band stage in the maxillary segment, the leg primordia, the labral segment and proboscis (Cohen et al., 1989; Simcox et al., 1991; Vachon et al., 1992) . The dll-Gal4 driver ensures GAL4 expression in the dll gene expression pattern (Lecuit and Cohen, 1997; Gorfinkiel et al., 1997) No Viable
The twi gene is expressed in the presumptive mesoderm (Thisse et al., 1987; Leptin, 1991) . The twi-Gal4 driver ensures GAL4 expression in the twi gene expression pattern (Baylies and Bate, 1996; Riechmann et al., 1997; Hacker and Perrimon, 1998) No Viable * Source: Bloomington Stock Center.
2.4.
The maternally provided GFP-importin-b persists unusually long
It has been well established that importin-b is maternally provided and supports life of the ketel null /À hemizygous larvae throughout the 1st and the 2nd larval instars . To visualize the maternally provided importin-b, we made use of a ketel GFP allele in which a GFP-coding exon became inserted into the second intron of the Ketel gene (Fig. 2) . GFP disrupts importin-b near its N-terminus, in the RanGTP binding domain (reviewed in Gö rlich and Kutay, 1999; Fried and Kutay, 2003) . Although the GFP tag reduces the function of GFP-importin-b as shown by the lethality of the ketel GFP /À hemizygous larvae, the GFP-importin-b molecules are not completely inactive since several of the ketel GFP /À hemizygous larvae live up to pupariation, well beyond the ketel null /À larvae, which all die by the end of the 2nd larval instar. The nuclear pore complex (NPC) binding ability of GFP-importin-b appears normal as shown by the characteristic bright spotted green fluorescent ring along the cytoplasmic surface of the nuclear envelope (see Figs. 3  and 5) .
To analyze the life span of the maternally provided GFPimportin-b, we crossed ketel GFP /+ females with wild type males and sorted out +/+ larvae and pupae that completed embryogenesis inside the egg cytoplasm produced by the ketel GFP /+ females. (Egg cytoplasm of the ketel GFP /+ females glows bright green.) The maternally provided GFP-importinb molecules are present and delicately highlight the cytoplasmic surface of the nuclear envelope in all the larval cells (Fig. 3) . Although the GFP-importin-b ring becomes fainter and fainter during larval development, it is clearly visible up to the end of larval life in all the larval and imaginal cells. Finally, the GFP-importin-b related signal becomes invisible within 1 h following pupariation in midst of the strongly autofluorescent structures. Apparently at least some of the maternally-provided GFP-importin-b molecules live remarkably long, for at least 5 days after they were produced. Indirect evidences, presented in the above chapter on RNAi and cited in section 3, indicate that wild type importin-b molecules also persist long. Obviously, the maternally provided molecules ensure survival of the ketel null /À larvae up to the end of the 2nd larval instar. However, as development proceeds and the larval cells increase in size, the importin-b molecules become diluted, some may decompose and can not sustain the life of ketel null /À larvae anymore. To elucidate the fate of the maternally provided GFP-importin-b during development, we measured -in optical sections -the intensities of the bright halos around the nuclear perimeter of the Malpighian tubule cells. The signal intensities correlate with the GFP-importin-b concentrations (Fig. 3) . Results of the analysis are summarized in . In GFP-importin-b, a 238 amino acid long GFP tag is inserted between the 18th and the 19th amino acids. Table 3 and indicate that although the fluorescence intensities (and thus local concentration of GFP-importin-b) decrease during enlargement of the nuclei, the total amount of the fluorescent molecules remains constant over the nuclear surface indicating survival of the maternally provided GFPimportin-b molecules throughout larval life, at least of those associated with the NPCs.
Expression of the zygotic Ketel gene commences during early gastrulation
To determine when during development the expression of the ketel GFP allele commences, we crossed wild type (+/+) females with ketel GFP /+ males and monitored the appearance of GFP-importin-b around the nuclear envelope in the descending embryos. The nuclei were highlighted by histone-RFP (Schuh et al., 2007) . We simultaneously monitored red and green fluorescence in optical sections on live embryos from late cleavage divisions throughout the subsequent stages of development for about 6 h. There was no sign of GFP-importin-b before the cellular blastoderm stage (Fig. 4) . The first albeit rather week GFP-importin-b related signal, the indicator of zygotic expression of the ketel GFP allele, appeared as green dotted halos around the nuclear envelope of the interphase nuclei four hours following the commencement of embryogenesis, during early gastrulation. Since GFPimportin-b related green halos formed around all of the interphase nuclei, it is safe to conclude that the paternally derived ketel GFP allele is expressed in every cell of the zygote.
Discussion
It appeared formerly that the Ketel gene, which encodes importin-b in Drosophila, was expressed only in the dividing diploid imaginal and not in the non-dividing polytenic cells in late 3rd instar larvae Lippai et al., 2000) . The observation raised the possibility that the function of the Ketel gene was not required in every cell and suggested the existence of a thus far unknown nuclear protein import mechanism that operates without importin-b. It was also difficult to understand how the diploid cells, in which the Ketel gene is expressed, can proliferate and function normally without the Ketel gene . In any case, the function of the Ketel gene must be indispensable in at least some cell type(s) since larvae without the Ketel gene perish during mid larval life.
To identify the cell types in which the function of the Ketel gene is essential, we attempted to generate gynanders that carried a functional Ketel gene in their female but not in their male cells. Such gynanders do not survive to the end of larval life implying that the function of the Ketel gene is most likely required in a large group of cells (Bryant and Zornetzer, 1973 ). This conclusion is supported by the observation that when the elav-Gal4, the esg-Gal4 or the vg-Gal4 drivers ensured expression of a UAS-Ketel transgene, zygotes that otherwise lack a functional Ketel gene survive to adulthood. The former drivers induce gene expression in the ectoderm, the largest germ layer which comprises about 72% of the blastoderm cells (3600/5000 cells; Campos-Ortega and Hartenstein, 1997) . In accordance with the former findings, elimination of Ketel gene activity in the primordial cells of the epidermis (by expressing a UAS-Ketel-RNAi transgene with the elavGal4, the esg-Gal4 or the vg-Gal4 drivers) led to death of the zygotes. How do e.g. the esg-Gal4; UAS-Ketel; ketel null /À zygotes, in which the Ketel gene is expressed only in the ectoderm and the neuroectoderm but not in the other germ layers (Whiteley et al., 1992; Hayashi et al., 1993; Goto and Hayashi, 1999) , survive to adulthood? How do the entoderm-and the mesoderm-derived cells acquire importin-b? The most likely source of importin-b in those cells is the maternal importinb dowry, which persists and functions in the entoderm-and in the mesoderm-derived cells throughout development. This proposition presumes a very long persistence of importin-b, a feature that is supported by the following:
(1) We report here that the GFP-importin-b molecules can persist up to 5 days. The life span of the wild type importin-b molecules may be even longer than 5 days since the GFP-importin-b molecules are barely functional and are probably prone to faster degradation than wild type importin-b, due to the misfolding induced by the GFP tag. Yet, the GFP-importin-b molecules survive longer than expected, stabilized by their intimate association with the NPCs (Figs. 3 and 5) . It was suggested recently that being parts of large protein complexes, components of the anaphase promoting complex are stabilized; they persist unusually long and function in low concentrations (Pal et al., 2007a; Pal et al., 2007b; Wehman AM and Baier, 2007) . The maternally provided importin-b molecules may be able to support the few cell divisions the entoderm-and the mesoderm-derived cells accomplish between the blastoderm stage and their final differentiation (Leptin, 1995) . Thereafter, they need to assist only in nuclear protein import in the protective milieu of the NPCs. The finding that importin-b molecules persist long and carry out their functions in low concentrations provides an explanation for the normal behavior of clones of wing disc cells without the Ketel gene. Such cells can accomplish as many as seven rounds of cell divisions following the induction of mitotic recombination and becoming homozygous for a ketel null allele . Perdurance of importin-b, inherited from the ketel null /+ mother cell, sustains the life of the descending ketel null homozygous cells.
The ketel GFP allele encoded GFP-importin-b clearly showed that importin-b is present in every cell type, though in very different concentrations. Apparently, the non-dividing larval cells also make use of importin-b in nuclear protein import and, thus, there is no unknown mechanism of nuclear protein import to be discovered. However, the diploid cells contain a lot more importin-b as compared to the non-dividing larval cells. The low importin-b concentration in the non-dividing cells is reasonable since here the protein is engaged in the nuclear protein import only. (Precursor cells of the larval epidermis and the Malpighian tubules, for example, divide only twoto-three times following the blastoderm stage and become polytenic; Szabad et al., 1979; Janning et al., 1986) . The imaginal disc cells remain diploid and keep on proliferating throughout larval and early pupal life (Brook, 1998) . Diploid cells need a higher importin-b concentration to accomplish three functions: nuclear protein import, formation of the spindle microtubule bundles and assembly of the nuclear envelope at the end of mitosis (Zhang and Clarke, 2000; Nachury et al., 2001; Wiese et al., 2001; Gruss et al., 2001; Timinszky et al., 2002; Zhang et al., 2002; Tirian et al., 2003) .
Apparently, as revealed by the analysis of the ketel GFP encoded GFP-importin-b, the zygotic Ketel gene is expressed in every cell during early gastrulation (Fig. 4) in the same stage of development as the reporter gene in which the Ketel gene regulatory sequences control the expression of LacZ and the formation of b-galactosidase Lippai et al., 2000; Villanyi et al. in preparation) . However, the b-galactosidase molecules decompose in all the larval cells by late embryogenesis and leave the cells unstained for the rest of the larval development demonstrating the non-expressed status of the Ketel gene. Although the Ketel gene is not expressed in the larval cells, presence of GFP-importin-b clearly shows that there are importin-b molecules in the larval cells and they fulfill their function over a long period of time (Fig. 5) . The paper that is to describe the sequences controlling Ketel gene expression in the non-dividing larval and in the mitotically active imaginal cells is in preparation. ) is a complete loss-of-function mutant allele (Erdelyi et al., 1997) .] The ketel null /À zygotes perish towards the end of the 2nd larval instar . (For explanation of the genetic symbols see the FlyBase at http:// flybase.bio.indiana.edu.) The ketel GFP allele, which encodes GFP-importin-b, was generated via the protein trap technique, which makes use of the random insertion of a P-element carrying the GFP-coding sequence without the start and the stop codes and splice sites at both ends (Morin et al., 2001; Karpova et al., 2006) . Insertion of a ''GFP exon'' into the Ketel gene leads to the production of full length GFPtagged importin-b under the control of the Ketel gene regulatory sequences. The GFP exon does not disturb upstream and downstream splicing events. Sequences about 2 kb upstream from the +1 site in the ketel GFP allele are as in wild type. Fluorescence emitted by GFP-importin-b was detected in optical sections generated with an Olympus FV1000 confocal microscope or with an Olympus IX71 fluorescent microscope equipped with a cooled CCD camera. . The X chromosome carried the y (yellow body), w (white eyes) and f (forked bristles) recessive marker mutations. The X TG chromosome carried, in addition to the transgene, wild type alleles of y and f and, thus, while the female (XX TG ) cells appear wild type and carry a functional Ketel gene the male (X0) cells lack Ketel gene activity and display the mutant phenotypes. (A wild type allele of the white gene, the mini-white marker gene, was part of the transgene which ensured normal Ketel gene function; Lippai et al., 2000.) We isolated late 3rd instar gynander larvae, based on their y + female and y male chitinous structures, small female and large male larval gonads and the slightly distorted shape due to an overall reduced size of the male parts, and determined whether they developed to adulthood or not. The XX TG //X0 mosaics were generated by crossing y w f/y w f; ketel null /Bc Gla; +/+ females with X TG /Y; -/SM5; Horka D /TM3 males.
Experimental Procedures
The Ketel mutant alleles
The focus of Ketel gene function
The number and second chromosome composition of the offspring females and of the XX TG //X0 mosaics were recorded. The ketel null /SM5, the -/Bc Gla and the Bc Gla/SM5 sibling females and gynanders served as ''internal control'' classes. Bc Gla, SM5 and TM3 stand for the so-called balancer chromosomes which are marked with dominant marker mutations (see the FlyBase). Horka D rendered the X TG chromosome so unstable that it might have been lost in the descendants during early embryogenesis (Szabad et al., 1995) .
Tissue specific expression of a UAS-Ketel transgene
To determine the types of tissues in which expression of the Ketel gene rescues lethality of the ketel null /À zygotes, i.e. in which the expression of the Ketel gene is necessary and sufficient, we crossed ketel null /Bc Gla; UAS-Ketel/UAS-Ketel females with -/SM5 males that carried a Gal4 driver (Brand and Perrimon, 1993; Duffy, 2002 ; see also the FlyBase). The Gal4 drivers we made use of are listed in the first column of Table 2 ; most of them were kindly provided by the Bloomington Stock Center. The UAS-Ketel transgene was constructed according to Brand and Perrimon (1993) and contained the structural part of the Ketel genomic sequence. The UAS-Ketel transgenes became inserted into the X, the 2nd or the 3rd chromosome. When driven by a ubiquitously expressed Gal4 driver (such as a1Tub-Gal4), the UAS-Ketel transgenes efficiently rescue the ketel null /À associated lethality. Since the UAS-Ketel transgenes carry the mini-white + marker gene, all the crosses were conducted on a white genetic background. Drivers located on the 2nd chromosome were recombined into the chromosome that carried a ketel null allele. Viability to adulthood of the ketel null /À offspring flies carrying both a Gal4 driver and a UAS-Ketel transgene was monitored.
Tissue specific abolition of the Ketel gene function by the RNAi technique
To eliminate the function of the Ketel gene in specific cell types, we crossed females carrying a Gal4 driver with males that carried a UAS-Ketel-RNAi transgene (Dietzl et al., 2007) and monitored the fate of those zygotes that carried a driver as well as the UAS-Ketel-RNAi transgene.
4.5.
The life span of GFP-importin-b
To determine the life span of the maternally provided GFPimportin-b molecules, we crossed y/y; ketel GFP /y + CyO females with y/Y; +/+ males and screened the non-yellow (y/y or y/Y; +/y + CyO) larvae and pupae for the presence of GFP-importin-b. The GFPimportin-b molecules must have been maternally provided through the egg cytoplasm.
Expression of the paternally derived Ketel gene
To determine when the paternally derived ketel GFP allele (representing the Ketel gene) is first expressed during embryogenesis, we crossed wild type (+/+) females with ketel GFP /CyO males, collected embryos for 30 mins, aged them for different amounts of time and analyzed them, screening for the presence of GFPimportin-b through time lapse optical sections. The nuclei were highlighted by histone-RFP (Schuh et al., 2007) .
